INTRODUCTION
Sendai virus or haemagglutinating virus of Japan (HVJ) occurs as a natural infection in mice. Natural infection with Sendai virus has been reported to be nationwide in distribution among laboratory mouse colonies in Japan. The virus can be readily isolated from the lungs of mice, but is isolated infrequently from other organs (Fukumi, Nishikawa & Kitayama, ~954; Fukumi et al. I962; Parker et al. ~964; Parker & Reynalds, I968) . Thus, the virus has been considered to be primarily pneumotropic and one of the agents causing respiratory virus diseases in mice. However, while intranasal inoculation of laboratory virus strains caused death in young adult mice with higher dose and in suckling mice with a smaller dose, the disease is clinically inapparent in adult mice (Sawicki, I96r, I962; Fukumi et al. 1962; van Nunen & van der Veen, I968; Murata & Iida, I969) . This behaviour of Sendai virus hampered experimental approaches to reveal the mode of virus infection, immunity, transmission, persistence of infection and reinfection in mice until specific pathogen-free mouse colony became available. In experiments using mice free from Sendai virus infection, recently, Parker & Reynalds (I968) and van der Veen, Poort & Birchfield (I97O) demonstrated a high titre of the virus in nasal washings, saliva and lung of contact-infected mice and suggested a major role of direct contact in the transmission of infection. Schulman & Kilbourne (I963a, b) have already developed an experimental model to study the transmission of influenza virus infection in mice, but several findings described above might also show an importance of the Sendai virus-mouse system as an experimental model of the respiratory virus infection in man. This paper describes the mode of transmission of Sendai virus in our specific pathogen-free mice.
METHODS
Sendai virus. MN strain, which was originally given by Dr Y. Takeuchi, National Institute of Health, Tokyo, was used. The virus was passed through more than IO generations of embryonated eggs at the Institute of Medical Science, the University of Tokyo, and then at the present Laboratories. The infected chorioallantoic fluid was distributed in small ampoules and stored in an electric refrigerator at -80 °. A virus preparation having 6-2 log10 EID 50/ ml. and 64o to 128o haemagglutinin units was used unless otherwise stated.
Mice. Four-week-old female RFVL mice, weighing I6 to 18 g., from a specific pathogenfree (SPF) colony of the Laboratories were used. Routine serological monitoring over 4 years showed no evidence of the infection with Sendal virus among the SPF mouse colony inside the barrier. Animal cages and housing. For contact infection, a regular type of mouse cage commercially available in Japan (a deep aluminium pan, 32 × 22 × I2 cm. high) was used and its cover was made of 5 ram. stainless-steel wire mesh having two insertions for a pellet basket and an inverted water bottle. Wooden shavings were used as bedding seat. After exposure to the infected mouse, the contact mice were placed individually in another type of metal cage (65 × 24 × I6 cm. high), with five compartments separated by solid aluminium plates. They were housed on a wire mesh bottom 2 cm. above a removable metal tray for discharge and also fed with pellets and water ad libitum. Before use, cages were sterilized by autoclaving.
The cages were placed in an isolated room under conventional housing and feeding conditions.
Contact infection. Mice were infected according to the method described by Iida & Bang (I963) by instilling a droplet containing approximately 3"5 log10 EID 5o of the stock virus into their nostrils and soon one of them ('infector') was placed together with ten cage mates of normal susceptible mice (' contact') to initiate the contact infection. After 3 days contacts were individually housed in separate compartments of a metal cage. Three weeks later the contacts were bled and sera were tested for complement-fixing antibody. In all the contact experiments, a group of ten unexposed mice was housed under the same conditions and served as control. Seroeonversion assay for estimating transmission rate. The complement fixation test was performed according to the method described by Sever (I962) utilizing the Microtiter serological plates (Cooke Engineering Co., U.S.A.). Because of high frequency of natural infection with Sendai virus among guinea-pigs used as complement sources, sera free from detectable complement fixing antibody were selected, pooled, distributed in small ampoules and stored in an electric refrigerator at -8o °. Four units of antigen, usually at I : 8 or I : 16 dilution of infected chorioallantoic fluid and two full units of complement were used and complement fixation was done for I8 hr at 4 °. Under these test conditions, positive reactions and anticomplementary effects were infrequently encountered at I:z dilution of normal control mouse sera. Accordingly, serum titres of I : 4 or greater were recorded as positive.
Titration of virus in the respiratory tract of contact. At 2-day intervals after the contact infection, a group of five mice was sacrificed by chloroform anaesthetization to excise their nasal tissues, trachea and lungs and a Io ~ emulsion of each pooled tissue was made in 1% casamino acid solution containing Ioo/~g. streptomycin and Ioo units of penicillin/ml. By inoculating o.2 ml. of log dilutions of the emulsion into the chorioallantoic cavity of Io-day embryonated eggs, 5o ~o egg infecting dose (EID 5o) was calculated and the virus titres were expressed as negative log~0 EID 5o/o'2 ml. The same method was followed as that described previously (Iida & Bang, I963) . ~
RESULTS

Period of contact infection
Seven groups of ten normal mice were put in contact with one infector per group for I, 2, 3, 4, 5, 7 and IO days, respectively, and their sera obtained at 2I days after the infection were tested for complement fixing antibody. The results obtained in a typical experiment are shown in Table I . The time period of contact necessary for giving IOO % positive seroconversion among contacts was demonstrated to be at least 3 days. No conversion was observed among the group of mice exposed to the infector, which was within the first 24 hr of intranasal infection nor among the unexposed control mice. There was no significant difference in the geometric mean titres of antibody of each group exposed for 3, 4, 5, 7 and IO days. Controlt o --Each group of ten mice was exposed to infector for 3 days and bled at the time indicated. *, "~ See legend in Table I .
Time interval required for development of complement fixing antibody
In this experiment four groups of ten mice were infected by contact for 3 days and mice of each group were sacrificed to obtain their sera 7, I4, 2I and 28 days after the infection, respectively. As shown in Table 2 , production of antibody with high titre was encountered in the group of mice sacrificed at 2i days after the infection, all serum samples exhibiting positive reaction. In the following experiment, therefore, the bleeding of contact mice was done at 2I days after the initiation of contact infection.
Throughout these experiments, no unexposed control mice showed positive complement fixation reactions.
Dose of Sendai virus for infector
Mice were intranasally infected with 3"5, 2"5, I'5 and 0"5 log10 E[D5o of stock virus, respectively, and each was placed into groups of ten normal mice. The seroconversion rate was determined by the complement fixation test using sera of contacts obtained 2I days after exposure. As shown in Table 3 , 2"5 or more loglo EID 50 of the virus was required in the infector to transmit the infection to all contacts during a 3-day period of exposure.
In the next experiment the intranasal infectivity of Sendal virus in mice was determined from the seroconversion rate. Groups of ten normal mice were intranasally infected with I'5, o'5, -o'5, -r.5 and -2. 5 log~ 0 EID 5o per mouse and housed for 2I days in the mouse cages for contact placed in an isolated room under conventional conditions. All animals were bled to titrate the complement fixing antibody in their sera. The results obtained were shown in Table 4 -These SPF mice responded to the infection with 1.5 to -1.5 log~0 EID 5o of virus and mean antibody titres of each group were very close to those obtained from the contacts (Table 6 ). l "5 70 5
0"5 o --Groups of ten mice each were exposed for 3 days to infector and, 2i days later, serum samples were tested for complement fixing antibody. * See legend in Table I . --2-5 o --Groups of to mice each were intranasally infected with graded doses of stock virus (8"2 loglo EID50/ml.) and serum sample at 21 days after infection was tested by complement fixation. * See legend in Table I .
Virus titres in nasal tissues of infectors and their transmissibility to contacts
Seven groups of ten normal mice were successively exposed on successive days to the same infector for 24 hr, commencing at the time when the infector was intranasally infected with the virus, and the development of complement fixing antibody was tested at 2I days after each contact infection. In parallel, groups of five mice each out of 35 mice infected intranasally at the same time were sacrificed every day from I day to 7 days after the infection and the virus content in their nasal tissues was estimated by egg inoculation method.
As seen in Table 5 , it was demonstrated that serological conversion of all contact mice occurred after only 24 hr exposure to the infector at the third day of infection, when virus reached nearly 7"0 log~o EID5o/o'2 ml of nasal tissue emulsion. However, transmission from the infector decreased by 5 or more days after the infection corresponding to lower virus titres in the nasal tissue of the infector. 4"2 6"7 7"5 7"0 6"0 4"5 "~ Virus titre was expressed as logt0 EID5o/0.2 ml. of emulsion of nasal tissue.
Distribution of virus in respiratory tract of contact mice
To follow the growth of virus transmitted to the respiratory tract of contacts during 3 days of exposure, groups of five mice each from 4o contacts were sacrificed to excise their nasal tissues, trachea and lungs every 48 hr for I4 days commencing I or 2 days after the contact infection. Tissue pools of five mice each were subjected to titration of their virus contents.
The results obtained show that the virus became detectable at 4 or 5 days, reached a maximum titre of around 5"o log10 EID 5o and later gradually disappeared within the 14-day period of observation. No preferential distribution of virus growth was observed among these tissues (Fig. 0- 
Individual differences in transmissibility of infectors
Seroconversion patterns were compared in six separate experiments in which each infector, infected intranasally with 3"5 logx0 EID 5o of the same virus preparation, was placed for 3 days with ten normal susceptible mice (Table 6 ). There was no significant individual difference in infectors and contacts were nearly homogeneous in their serological response to infection under these circumstances. 
DISCUSSION
In our experiments the time of maximal transmission of infection correlated well with the virus titre in the nasal tissue of infector. There was no preferential distribution of the virus growth among nasal tissue, trachea and lungs and, with the virus strain used here, persistent infection did not occur.
In the experimental infection with a strain of Sendai virus in SPF mice, van Nunen & van der Veen 0968) found seroconversion ~4 days after intranasal inoculation of less than I p.f.u, of virus, which was equivalent to I EID 5o and o-I TCID 5o (5o ~ tissue culture infectious dose). Our SPF mice were so highly susceptible to intranasal infection that all mice infected with -1.5 log10 EID 5o of the virus showed seroconversion. Since complement fixing antibody titres of contacts were close to those of mice intransally infected with small doses of virus around ~ E[D5o, the dose of virus transmitted to the contacts during a 3-day exposure might be very small.
From the foregoing results, it was considered that direct contact might play a major role in the transmission of infection under the present experimental conditions. Throughout the experiments, no unexposed control mice showed positive complement fixation reactions. Whenever a group of ten normal SPF mice was placed in a mouse room together with a number of cages housed with conventional mice from a commercial breeder, however, all of them showed seroconversion after a I-or 2-month period of exposure. Hence it was suggested in this case that airborne infection rather than contact brought about such infection of the SPF mice.
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